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Contributions to the knowledge of North American Sphagna. II. 
C. WARNSTORF. 


b. Stem leaves broadest at the base, distinctly narrowed upward, 
therefore more or less isosceles-triangular, mostly with an in- 
volute, truncate and dentate apex. Border much widened down- 
ward. 


a, Stem leaves with or without fibrils in the upper half. Super- 
ficial cells of the stem cortex with very distant, irreguiariy 
disposed, ringless pores. Wood body never red or brown, 
generally yellowish or greenish. Branch leaves for the most 
part distinctly five-ranked, appressed or curved spreading. 
Usually monoicous, rarely dioicous ; male branches red. 

S. guingucfarium (Brarruw.) Warnst. Hedw., 1885, 
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Syn.: S. acutifolium, var. quinquefarium Braith. Sphagn. Eur. and N. 
Amer. (1850). 

S. acutifolium, varr. pochycladum et «/pinum Sendt. 

S. acutifolium, var. flavicaule Warnst. Europ. Torfm. p. 50 (1881); var. 
Gerstenbergeri Warnst. Flora, 1882, p. 206; varr. pallens et Silesincum 
Warnst. Hedw. 1884, p. 116 and 118. 

S. plumosum Rall, var. quinguefarium (Braithw.); var. Gerstenbergeri 
(Warnst.); var. Silesiacum (Warnst.) Flora, 1886. 

S. Warnstorfii Roll, var. pollens, (Warnst.); var. pseudo putulum Roll, 
Syst. der Torfm. Flora, 1886. 

Plants slender and delicate like S. Warnstorfii or strong 
and robust like S. Russowii, in looser and denser, higher or 
lower tufts; color pale, grayish green to grass-green, the 
heads often brown, tine rose-color, or violet red. 

Wood cylinder whitish or straw-vellow, very seldom in 
some parts of the stem with a flush of red: cells pitted. 

Stem cortex composed of three or four layers: cells of 
medium width and thin-walled, the outer walls of the per- 
ipheral layer with very distant irregularly disposed mem- 
brane-thinnings which often, however, appear like ringless 
pores. Inner cells porose. 

Stem leaves from a broad base deltoid, not linguiform, 
above at the often abruptly contracted apex truncate, dentate, 
usually involute and bordered at the edge; the border much 
widened below, and constructed of very narrow green pitted 
cells. Hyaline cells in the whole middle part of the leaf 
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broad, in the upper half almost rhombic, in the lower rhom- 
boidal, often once or several times divided by obliquely 
transverse walls, and with membrane-plaits ; without fibrils 
and pores oftener than with them in the upper paft of the 
leaf: the hyaline cells of the leaf-base with large saccate ex- 
tensions: auricles small. 

Fascicles mostly five-branched, the three stouter branches 
sometimes long and much attenuated to the point, sometimes: 
shorter and abruptly pointed, spreading in very different 
directions from the stem, five angled through the distinctly 
five-ranked arrangement of the leaves. Retort cells of the 
‘branch cortex with slightly recurved neck, and a large ap- 
erture at the summit. Branch leaves closely or loosely im- 
bricated, never secund, small, ovate lanceolate, at the usu- 
ally round-truncate involute-edged and dentate apex bor- 
dered by two or three rows of narrow cells. The inner sur- 
face in the upper part with very small, isolated, ringed 
pores, especially in the upper and lower cell-angles ; in the 
broader part of the leaf, near the margins, down to the base 
with large pores usually without rings. Outer surface from 
apex to base with numerous pores along the commissures, 
those near the apex strongly ringed, much larger than in 
S. Warnstortii and not round but semicircular ; below becom- 
ing gradually larger. Near the margins these pores are in 
part opposite tu the inner pores, thereby producing complete 
perforations ; leaves with a plait in the middle of the basal 
part; hyaline cells with membrane-plaits. 

Chlorophyllose cells in cross-section triangular to trapezi- 
form, placed on the inner side of the leaf between the hyaline 
cells and always free;on the outer side often enclosed by 
the (here more convex) hyaline cells, or free. Lumen 
large, triangular; the walls all around equally thick. 

Commonly monoicous, more rarely dioicous: ¢ branches 
short, in the antheridium-bearing part clavate-thickened and 
always red or violet, after flowering lengthened and attenu- 
ate-pointed. Perigonial leaves quite similar to the rest of 
the branch leaves in torm and cell net-work, but nonfibrillose 
and nonporose in the lower half. Perichetial leaves large, 
ovate, above drawn out to a longer or shorter, emarginate, 
involute-edged apex; broadly bordered; in the lower half 
constructed entirely of long rectangular pitted cells, in the 
upper part of both kinds of cells; hyaline cells rhombic to 
rhomboidal, once or several times divided. Fruit not rare; 
spores fine yellow, quite smooth, 0.021 to 0.025 mm. diam. 
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Var. roseum (JURATZKA.) Tufts with the head now 
lighter, now darker red or violet-red, the other parts of the 
plants greenish or whitish. 

t. dasy-homalo-anoclada WaArNst. Tufts very dense; 
branch-fascicles closely approximate, stronger branches hor- 
izontal-spreading and in the upper part of the plant as- 
cending. 

New Hampshire, Mt. Lafayette, 3,000 ft. (Faxon). 


f. dasy-homalo-drepanoclada Waknstr. Like the preced- 
ing form, except that the stronger branches are partly hori- 
zontal-spreading and partly falcately bent downward. 

N. Hampshire, Mt. Lafayette, 3.500 ft. (/@von),. 

Var. viride Warnstr. Plants green or grayish green in 
the upper part, almost without a trace of red, in the lowest 
parts generally bleached out. 


f. homaloclada Warns. The stouter branches usually all 
more or less horizontal-spreading. 
Vermont, Willoughby Lake, 1,200 ft. (A@vov). 


S. quinquefarium in the level low country is rare, but in 
the mountainous regions of northern Europe itis a common 
moss. When once well understood it may usually be recog- 
nized with certainty even under the hand lens. Several 
graceful forms with curved-spreading branch leaves are care- 
fully to be distinguished from 8. Warnstotii which they closely 
resemble. The form of the stem leaves and the pore struc- 
ture of the branch leaves in S. quinquefarium, however, are 
totally different, so that the two species by these alone are 
easily distinguished from each other. It must certainly be 
widely diffused in North America. 


7, Stem leaves usually in the upper half and even lower down 
with numerous fibrils and pores, but often also on the same 
stalk with very few fibrils or noneatall; triangular-linguiform 
with a truncate dentate apex slightly or not at all prolonged. 
Superticial cells of the stem cortex without pores. Wood 
cells variously colored, often red, never brown. Branch leaves 
never five-ranked, appressed, when dry lustreless; mostly mon- 
oicous; male branches red. 


8. S. acutifolium (Eurnu. ex parte) Russ. ET WARNST. in 
Verh. der bot. Ver fiir Brandenb. Jahrg. 1888, p. 112. 

Plants extremely variable in color and habit. In tufts 
loose or dense, high or low, whitish, green, yellowish-green, 
or pale-rose to purplish red, or variegated. The individual 
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plants now weak and slender, now strong and robust like S. 
Russowil. 

Wood cylinder whitish or yellowish-green, very often red, 
but never brown. 

Stem cortex formed of 3 or 4 strata of middling-broad, 
thin-walled cells; outer walls poreless, inner w alls with 
small pores. 

Stem leaves smaller or larger, narrower or wider, the 
length being, at most, three and one-half times the width of 
the base. More or less distinctly narrowed from the base 
upward, often with the edges slightly incurved ; isosceles-tri- 
angular to triangular-linguiform, with a truncate, dentate, 
involute-edged, sometimes slightly prolonged point : the 
broader or narrower border in normally developed plants al- 
ways much widened downward; hyaline cells in the upper 
half of the leaf rhomboidal, usually divided by only one 
transverse wall into two daughter-cells, and on the same 
plant sometimes with fibrils and with pores on the back, 
sometimes with neither. 

Branch-fascicles consisting of two stouter divergent and 
one or two weaker pendent branches, sometimes closely ap- 
proximate, sometimes more distant, according to the drier or 
wetter stations. Branches long or short, and diverging in 
very different directions from the stem, a/:vays teretely leaved. 
Branch leaves longish-ovate to ovate-lanceolate, with an in- 
volute margin at the usually round-truncate and dentate 
apex, very narrowly bordered, generally closely imbricate, 
more rarely erect- ‘spreading, never distinc tly five-ranked, 
never secund, never squarrose; lustreless when dry; with an 
inwardly projecting longitudinal plait in the middle base, 
and with delicate plaits in the membranes of the hyaline 
cells. Pores on the inner surface in the upper part almost 
exclusively in the upper and lower cell-angles, small and 
strong-ringed, in the middle and basal parts most numerous 
near the edges, large, round and weak-ringed or ringless. 
On the outer surface with very numerous lar ge pores along 
the commissures, which toward the base of the leaf become 
gradually larger and show faint rings: these rings often dis- 
appear entirely at the base of the leaf and near its margins, 
and the pores are situated in the middle of the wall between 
the fibrils. 

Chlorophyllose cells in cross-section triangular to trapez- 
iform, placed on the inner side of the leaf between the here 
less convex hyaline cells and therefore always free, on the 
outer side of the leaf either enclosed or partially free 
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Monoicous, more rarely dioicous: ¢ branches in the an- 
theridium-bearing part clavate-thickened and red, after flow- 
ering attenuated at the tip. Perigonial leaves broader and 
shorter than the sterile branch leaves, above abruptly con- 
tracted to a short, truncate and dentate tip, in the lower half 
either quite free from fibrils and pores or partly with delicate 
imperfect fibrils. Perichwtial leaves large, ovate, in the low- 
er part usually constructed entirely of elongated, rectangu- 
lar, pitted, chlorophyllose cells, in the middle and upper part, 
of both kinds of cells, and in the truncate recurved point en- 
tirely of short, narrow-rhomboidal green cells. Hyaline 
cells often many times divided, but nearly always free from 
fibrils and pores. Margin with a broad border formed of 
narrow cells. —Macrospores yellow, papillose, 0.025 to 0.030 
mm. diam. Microspores in separate smaller and, when 
empty, urnshaped capsules on separate plants mixed with 
the macrosporogonium-bearing fertile tufts, yellow, with 5- 
and 6-angled polyhedron-faces, 0.012 to 0.013 mm. diam.— 
Commonly fruiting. 

In North America as common as in Europe, and likewise 
as remarkably rich in forms. 

Var. purpurascens Warns. Plants, in the upper part es- 
pecially in the capitulum, beautiful rose, to purpie-red, be- 
low paler but without admixture of green. 

N. Hampshire, Crawtord’s,1,goo tt., Franconia, 1,000 ft. : 
Mass.. Boston, 50 tt., (Faxon): Essex Co.. 75 tt. (Sears). 

Var. versicolor Warnxstr. Tufts above, especially in the 
heads, of very different grades of red, below more or less : 
green, plants sometimes speckled with red and green. 

N Hampshire, Crawford's, 1,900 ft.: Franconia, 1,000 
to 1,500 ft.; Mass., Mt. Graylock, 1,500 ft., Dedham, 75 ft. 
(Fawon), 

f. robusta, s. f. cateclada Warxsr. Viants very stout, 
mostly in very thickly compressed low tufts, spreading 
branches long and retlexed directly downward. 

Vt.. Sutton, 1,000 tt. (Faxon). 

Var. flavo-rubellum Warnst. Plants faint reddish mixed 
with pale yellow. 

N. Hampshire, Crawtord’s, 1,goo tt. (Faxon). 

Var. viride Warnxsr. Tufts above light or gravish green 
or dark green, in the lower parts of the stems faded out. 

Mass., Boston., 50 ft., Milton, 500 ft. (Aavov). 

Var. palleseens WArnstr. Whole plant whitish, or in the 
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coma slightly tinged with pale greenish, reddish or yellow- 
ish, and below it whitish or faintly greenish ; dark green en- 
tirely absent. 

N. Hampshire, Crawford's, 1,900 ft. : Mass., Boston,s50 ft., 
(Faxon). 

f. dasy-drepanoclada Waknsr. ‘Tufts as well as the 
branch-fascicles extremely compact, spreading branches 
comparatively short, slender and usually falcate-recurved. 

N. Hampshire, Mt. Washington, 5,000 ft. (/wvxon). 


7. Stem leaves large, isosceles-triangular, drawn out toa longer or 
shorter truncate, dentate, involute-edged point. Border broad 
and much widened downward; hyaline cells usually completely 
nonfibrillose,rarely with rudimentary fibrils at the apex; many 
times divided and with membrane-plaits. Wood cylinder vari- 
ously colored. Branch leaves comparatively large, g/ossy when 
dry, usually loosely imbricate, often with curved erect spread- 
ing to squarrose tips. Generally monoicous, rarely dioicous. 
Male branches red. 


g. S. suburtens Russ. et WArNst. in Verh. d. bot. Ver. fiir 
Brandenb. Jahrg. 1888, p. 115. 


Syn.: S. acutifolium, var. plumosum Milde, Bryol. Sil., p. 882 (1869).— 
var. luridum (Hiiben.) Aongstr. in litt. ad Gravet (1876).—var. /etevirens 
Braithw. Sphagn. Eur. and N. Am. (1880).—varr. squarrosulum, luridum 
(Hiiben.), /vazum Warnst. Eur. Torfm., p. 48-50 (1881)—var. Schillerianum 
Warnst. Flora (1882).—var. ayucticum Schlieph. in litt. 1888. Hedw. 
1884.—var. /uridum f. plumose, violucea, lextevirens, squurrosula, deflexa, 
stricta, limosa, elongate Warnst. Sphagnol. Riickbl. Flora  1884.--var. 
favicomans Card. Rev. Bryol. 1884. 

S. plumosum Roll. varr. submersum ?, luridum, elongatum, ltevirens, 
plumosum, vivlaceum, limosum, squarrosulum, Schilleritnum in Syst. d. 
Torfm. Flora, 1886. 

S. /uridum (Hiiben.) Warnst. Hedw., 1886, p. 280. 

This is among the strongest of the AcuriFoLIA. Plants 
when dry very soft and with more or less of metallic lustre. 
Colors quite various, gray, or grass-green, pale vellow- 
green, yellowish-brown, violet to purple-red, not rarely pass- 
ing into a dirty green or violet. 

Wood cylinder greenish, whitish, violet to dark purple- 
red. 

Stem cortex formed of 3 or 4 strata of cells, and usually 
on one side of the stem much more strongly developed and 
with much wider cells; all the cells thin-walled, the super- 
ficial rarely with isolated pores, the inner always with small 
pits. Stem leaves large, elongated, isosceles-triangular, 
broad at the base, not rarely with undulate margins in the 
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middle, and above abruptly narrowed into a longer or shorter 
broad-truncate, dentate and involute-edged point, border 
broad, much widened downward, and tormed ot very narrow 
tubular pitted cells. Hyaline cells in the middle of the base 
wide and large, above rather shorter, rhomboidal, at the 
margins narrow, mostly without tibrils and pores, rarely with 
rudiments of fibrils and pores in the summit of the leat; all 2 
to 6 times divided and with delicate longitudinal plaits in the 
membrane. The apex sometimes formed only of small ver- 
micular chlorophyllose cells. 

Branches 3 or 4 in a fascicle, two stronger, spreading in 
very different directions from the stem, one or two weaker, 
pendent and appressed to the stem. Leaves of the stout, 
spreading branches larger or smaller, densely or loosely im- 
bricate, often curved “erect-spreading, seldom somewhat 
secund or squarrose, never distinctly 5-ranked: from an 
ovate base narrowed upward to a rather long, dentate. trans- 
versely- or roundly-truncate, involute-edged apex. Border 
3 to § celi-rows in width. A short inwardly-projecting, 
longitudinal plait in the middle of the leaf above the base. 
Hy aline ceils with numerous fibril-bands ; pores on the inner 
surface almost all near the margins, large, round, often 
quite ringless and in the middle of the cell walls ; in the apex 
of the leaf the pores are small, isolated in the upper and 
lower cell angles: pores on the outer surface much more nu- 
merous, inthe upper 5 to } of the leaf large, ringed, semi- 
elliptic, on the commissures, those that are near the margins 
being in part opposite the inner pores and thus forming et 
plete perforations of the leaf; pores near the base of the le: 
very large without rings and between the fibrils in the oe 
dle of the cell-wall. Leaves of the pendent branches in the 
upper { of the inner surface with large round mostly ringless 
pores in the middle of the cell-walls or in the angles, pores on 
the outer surface the same as in the other leaves. 

Chlorophyllose cells in cross-section isosceles-triangular 
to isosceles-trapezitorm (always the latter in the apex), 
placed between the hyaline cells on the inner side of the leaf 
and always tree, on the outer side enclosed or free; hyaline 
cells convex on both sides, but more convex on the outer. 

Mostly monoicous, more seldom dioicous: ¢ branches in 
the antheridium-bearing part reddish-violet, when young 
short and thick, later lengthened and attenuate at the end. 
The perigonial leaves not different from the rest of the 
branch leaves in form and anatomical structure, but near the 
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base without fibrils and pores or with delicate incomplete 
fibrils. Perichatial leaves large, ovate, the edge very broadly 
bordered in the upper part and emarginate at the rounded 
truncate apex, below formed entirely of long rectangular 
pitted chlorophyllose cells, from the middle upward of both 
kinds of cells, the apex of small green cells only. Macro- 
spores yellow, papillose, 0.025 to 0.031 mm. diam. Fruit very 
common, 

This species is distinguished from acutifolium, 
especially dy the peculiar gloss of the branch leaves, and by 
the stem leaves, which are mostly without fibrils, are protracted 
énto a longer or shoricr point, and have thetr hyaline celts 
many times divided; from the larger, stouter forms of S. 
quinquefarium it recedes by its longer-pointed, not. five- 
ranked branch leaves, and by its differently shaped stem 
leaves. By the way, it may here be mentioned that S. 
quinguetarium also occasionally shows a faint lustre in the 
branch leaves. Incompletely developed forms may easily be 
mistaken for .S. mod/e SULLIV., whose stem leaves, with re- 
spect to their shape and their narrow border, have a remote 
resemblance to those of such 4mmature forms. In this case 
the distinctive mark is the distantly toothed margin of S. 
molle in the upper half of the branch leaf, which occurs in 
no other species of this group. 

Var. favicomans Carv Brvyol. 1884, No. 4, p. 55- 


Plants very stout, in lax or dense. rather deep tufts, 
mostly vellowish-brown like S. fuscuin. Wood cylinder 
blood-red; superficial cells of the stem cortex with single 
pores; stem leaves without fibrils or in the upper part 
tibrillose. Branch leaves large, longish-ovate, apex broad- 
truncate and dentate, shining when dry. 

Miquelon Island (Ve/amare). Samm). Europ. Tortm. 
Serie I, no. 77. 

Var. viride Waxknsr. Plants in the upper part gray to 
grass-green. below bleached out. 

Mass., Brookline, 75 feet (/@xon), 

Var. obscurum Warns. Plants very stout, in high loose 
tufts: Color in the upper part a mixture of grayish-green 
and pale, dirty brown; below, brownish. General color a 
dusky, indefinite brownish green. 

Mass., Brookline, 75 feet (/wxon). 

e. Stem leaves from a narrower base widened upward to the middle 

and thence produced toa longer or shorter broadly truncate, den- 
tate point; border narrow and of nearly equal breadth from apex 
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to base; with or without fibrils in the upper pirt. Wood cylinder 
always yellowish. Branch leaves loosely imbricated, somewhat 
shining, the upper margins minutely and remotely dentate; mon- 
oicous; male branchlets pale reddish. 


10. .S. molle Suttiv. Muse. Allegh. p. 50 no. 205 (1846). 


Syn.: S. Sulliv. Muse. Allegh. p. 4!) no. 204 (1846). 

S. molluscvides C. Miill. Synops. I. p. (1848). 

S. tenerum Sull. et Lesq. Muse. Bor. Am. I Ed. no. 11 (1856). 

S. Miller’ Schpr. Entw.-Gesch. 4. Torfm. p. 73, no. 10 (1858). 

N. Carolina, Georgia, New Jersey, Alabama, Florida, 
Louisiana (Langlois). 


II. Sphagna cuspidata. 
A. Branch leaves porose but always without fibrils. 


a. Pores on the outer side of the leaf rather large, 0.010 to 0.012 
mm. diam., elliptic, always in one row in the middle of the cell- 
wall, 6 to 16 in a cell. 

11. macrophyllim BERNU. MSS. Brid. Bryol. Univ. 

I. p. 10 no. 8 (1826). 

Syn.: Tsocladus macrophillus Lindb. in Oefvers.V. Ak. Forh., 19, p. 154 
(1862). 

New Jersey, Carolina, Louisiana, Mississippi, Alabama, 
Florida. 

This tine characteristic species is placed by Lindberg, to- 
gether with the next following, in a separate group IsocLa- 
pus, whilst Cardot includes them in his SpHuaGNA MACRO- 
PHYLLA. Both seem to me to be in the wrong, for the two 
species in question, with respect to the form of their stem 
leaves and branch leaves, and also as to anatomical struc- 
ture, fit well into the Cusprpara. Still another species of 
this group, .S. sertcewm C. (Syn.: S. Flelleanum 
Doz. et Mikb.: S. serto/am C. Mill.) trom Sumatra also has 
no fibrils in the leaves and vet there can be no question that 
it belongs to the Cuspipara. Other species of the Cuspi 
datum group (e. g. S. Levdbergi Schpr. and certain ac- 
quatic forms oft caspidatum (Ehrh.) Russ. et Warnst.) 
also possess uniform or at least nearly uniform branches. 

The perichetial leaves of S. macrophyllum become much 
larger toward the summit of the branch; they are broadly 
oval, with the margins narrowly bordered: they are formed 
of the two kinds of cells and run out into a bluntish, dentic- 
ulate point. The hyaline cells are narrow and long, but to- 
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wards the apex broader and shorter, and like the stem 
leaves and branch leaves show no trace of fibrils. On the 
outside, however, there are round pores in the middle of the 
cell-wall, which become scarcer toward the apex, and 
especially preter the upper angles of the cells. The cap- 
sules are small, and when empty of spores urn-shaped, as in 
S. cuspidatum. The spores are yellow, smooth and 0.030 to 
0,035 mm. diam. It is very strange that the male plant still 
remains quite unknown, and yet it can not be very difficult 
to find it in the localities where the species fruits. I beg 
leave, therefore, to earnestly urge all North American bry ol- 
ogists, who are interested in Sphagna, to direct their atten- 
tion particularly to a search tor the male plants of S. macro- 
phyllum. This should be done in the winter months in 
which, as is known, the Sphagna bloom. 


b. Pores on the outer side of the leaf very small, 0.004 to 0.005 mm. 
diam. in one or two rows in the middle of the cell-wall, 40 to 65 in 
a cell. 


12. S. Floridanum (Avusr.) in Rév . des Sphaignes 
de l’Amerique du Nord (1887). 

Syn.: S. macrophyllum, var. Floridanum Aust. in Bull. Torr. Bot. Club 
vii, p. 15 (1880). 

S. cribrosum Lindb. in Eur. och Nord. Am. Hvit-mossor (1882). 

Louisiana (Langlois), Florida (Austin). 


Since Austin had previously distinguished this species as 
S. macrophyllum var. Floridanum it was not justifiable for 
Lindberg in Hvit-mossor to set up a new name for it, and 

Cardot was quite right in retaining tor the species Austin’s 
name, S. Floridanum. 

S. Floridanum stands, with respect to the pore-structure 
on the outer side of the branch leaves,in a similar relation to 
S. macrophyllum as .S. odtusum Warns. (1889 non 1877) 
does to Mendoctnum Lesa, The last two 
species are likewise chiefly distinguished by the size of the 
pores on the back of the branch leaves. In S. obtusum 
these pores are extremely small, always show vanishing con- 
tours, and are only made visible by strong staining of the 
leaves; the pores of S. Mendocinum, on the contrary, are 
always larger and exhibit clearly defined boundaries. The 
male How ersas well as the fruitof S. Floridanum are yet un- 
known! 


-Veuruppin, Feb. 6, 1890 
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Flowers and insects. V. 
CHARLES ROBERTSON, 


Astragalus Mexicanus A. DC.—The flowers are cream- 
color, often with a bluish tinge at the tip of the keel. The 
wings and keel are closely fastened together, so that they 
must be depressed simultaneously. The rigid banner is fold- 
ed over the wings and keel, and projects straight forward in 
front of the calyx tube. This tube measures about 8 mm., 
and the parts of the flower are so contracted beyond it that 
after a bee has forced its head in so as to touch the anthers, 
it still needs a proboscis 10 to 13 mm. long to obtain the sweets. 
The petals are thus disposed so as to limit the accessibility 
of the nectar and to restrict the place of pollen-contact to 
the underside of the bee’s head. The stigma only slightly 
surpasses the anthers and may touch the bee a little in ad- 
vance of them, but self-pollination may occur in absence of 
insects. 

The flower is adapted to the longest-tongued bees. From 
its early blooming it is especially exposed to Bombus females 
and to species of Synhalonia. On three days, April 27. 30, 
and May 2, I observed the following visitors : 

Hymenoptera—Afrde: (1) Bombus separatus Cr. 2, s., 
once; (2) B. americanorum F. @, s. ab.: (3) B. pennsyl- 
yranicus DeG. s.: (4) Synhalonia speciosa Cr. s., 
ab.; (5) S. atriventris Sm. 2, s. and c. p., very ab. 

Four butterflies were seen sucking, viz.: Papilio asterias, 
Colias philodice, Nisoniades icelus and N. juvenalis, but they 
are mere intruders, since they steal the honey without forcing 
down the keel. 

Strophostyles angulosa El\.'\—The keel is bent strongly to 
the right and curves around so that its tip stands over its 
base. The base is large and sack-like and is produced 
above into a ridge which opposes the passage to the nectary. 
The left wing is turned to the right, so that the bee is re- 
quired to alight upon the right side, and she enters the flow- 
er between the tip and the basal process of the keel. Seiz- 
ing this process with her front feet, the bee pulls the keel 
downward and backward, whereupon the stigma and the 
pollen-laden brush of the style sweep out over her thorax. In 
this way the stigma receives pollen already deposited by an- 


1 This flower is described by Foerste in Am. Nat. XTX, 887, 888, figs. 1-5. I did not see 


a bee depress the kec] in the way described by him. 
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other flower, and the style-brush leaves a new load. As 
soon as the bee lets go her hold upon the basal process, the 
keel returns to its place against the banner, and the style 
draws back into it. 

Visitors : Apide (1) Megachile brevis 
Say 9, s. andc. p.; (2) M. exilis Cr. 3, s. 

Extranuptial The following insects were 
taken while obtaining nectar from these structures : 

Hymenoptera—Audrenide : (1) Augochlora pura Say ; 
(2) Halictus tavipes F (3) H. contusus Sm. Vesprde: (4) 
Vespa germanica F.; (5) Polistes pallipes St. Farg.  Au- 
menide (6) Odynerus pedestris Sauss. Crabronide: (7) 
Oxybelus 4-notatus Say. Philanthide : (8) Philanthus pune- 
tatus Say: (g) Cerceris clypeata Dahlb.; (10) C. kennicot- 
tii Cr.: (11) C. tinitima Cr. Zarride: (12) Larra acuta Pat- 
ton. Sphecide: (13) Pelopocus cementarius Dru. : (14) Cha- 
lybion ceruleum L. Pompilide : (15) Agenia longula Cr. 
Mutillide: (16) Spherophthalma macra Cr. Formicidae: 
(17) A black species not abundant enough to interfere with 
other insects or to suggest a thought of myrmecophilism. 
Chrystdidw (18) Wedychridium dimidiatum Say. raconi- 
de: (19) Apanteles sp.: (20) Microdus sp. 

Diptera—Syrphide: (21) Mesograpta marginata Say. 
Empidw: (22) Empis sp. Tachinide: (23) Eggeria? sp. 
Sarcophagidw (24-25) Sarcophaga spp. Wuserde : (26) Lu- 
cilia cornicina Anthomyrde: (27) Anthomyia sp. Orta/- 
tdw ; (28) Camptoneura picta F.: (29) Rivellia quadrifasci- 
ata Macq. Geomyzidw : (30) sp. Drosophilide : (31-32) spp. 

Hemiptera—( upside (33) Lygus pratensis L. 

Amphicarpea Pitcheri® Torr. & Gray.—The pale blue 
flowers are approximated in a rather close raceme, so that 
the attractive function is performed by the inflorescence and 
does not depend especially upon the banner, as in solitary 
flowers. For the same reason the wings and keel are re- 
lieved of their special oflice of affording a landing-place for 
the bees to settle upon. Accordingly, these insects alight 
upon the flower-cluster and crawl] from one flower to an- 
other. The calyx-tube is very long (6 mm.), which makes 
the nectar inaccessible to short-tongued visitors. The petals, 
also, being freed trom their original functions by the flower- 
cluster, are disposed so as to make the nectar still more 


Fora resume of the subjec t of extranuptial nee otarie s and for re fe rence to the litera, 
ture sce Trelease: Myrmecophilism, Psyche Feb.-March, 1889, 171-180, 
70n the fertilization of A. monoiea, see Meehan: Proc. Acad. Nat. Sei, Phila., 1887, 
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inconvenient for short tongues and to limit the place of pol- 
len-contact to the underside of the visitor's head. The broad 
banner is folded over the other parts and is held tightly by the 
calyx-tube, so that with the closely approximated wings and 
keel it makes it diflicult for a visitor with a proboscis shorter 
than 11 mm. to reach the nectar. 

The flower is visited for nectar by Bombus americanorum 
F. 29, and by the ruby-throated humming bird, 7yrechilus 
colubris 

Cercis Canadensis L..—The red-purple flowers cover the 
trees before their own leaves and those of other trees appear. 
The trees can then be seen for miles and must attract bees 
from atar. The stamens are distinct and not firmly enclosed 
by the petals, and the calyx is broad and shallow. Accord- 
ingly, both honey and pollen are accessible to small and 
little specialized bees, like Halictus. 

Although one of the least specialized of Leguminosee, 
Cercis shows one of the most peculiar sets of visitors—the 
effect of early blooming. Of the bees with abdominal pol- 
len-brushes, which are very fond of flowers of Papilionacee, 
Osmia, which flies in early spring, is abundant, while Meg- 
achile, which flies in summer, is absent. Later blooming 
species are visited by Megachile, while Osmia is absent. 
Cercis also resembles “early flowers by being visited only by 
females of Bombus, while many flowers blooming in sum- 
mer are visited by the males and workers. Synhaloniz i, and 
ee an as far as I have observed, is only found on 
early tlowe If Cercis bloomed in summer, I should ex- 
pect also to ‘find Sphecide among its guests, as in the cases 
of Amorpha and Petalostemon. “The flower is further re- 
markable for being abundantly visited by Colletes, C. ina- 
qualis being more common on it than on any other flower 
known to me. 

On six days, between April 21 and May 5, I captured the 
following visitors : 

Hy menoptera—. Apide: (1) Apis mellitica L. 3, s. and 
c. p.. ab.; (2) Bombus virginicus Oliv. 2, s.; 3) ba 
separatus Cr. 9, s. and c. p.: (4) B. vagans Sm. 9°, 

B. americanorum F. 9, s., ab.: (6) Bb. 
us DeG. 9, s., ab.; (7) Anthophora ursina Cr. 29, 
freq.: (8) Synhalonia speciosa Cr. $9, s. and c. 

; (9g) S. honesta Cr. (10) Ceratina Say 

s.: (11) Osmia lignaria Say $9, s. and c. p.; 
(12) O. atriventris Cr. @, s. and c. p.: (13) O. albi- 
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ventris Cr. s. and c. p.:; (14) O. latitarsis Cr. s.; (15) 
Nomada luteola St. Farg. $9. s.: (16) N. bisignata Say 
$Q.8. Andrentdw;: (17-18) Andrena spp. 9, s. and c. p.3 
(19) A. hirticeps Sm. ?,s.; (20) A. valida Say 9,s. andc. 
p.: (21) Augochlora labrosa Say 9, s.: (22) Halictus cor- 
laceus Sm. 9, s.; (23) H. lerouxii St. Farg. 9, s. and c. 
p.: (24) H. flavipes F.?.s.andc. p.,ab.; (25) H. zephyrus 
Sm. 9.s.; (26) H. pilosus Sm. 9, s. and c. p.; (27) H. 
contusus Sm. ?,s. and c. p.; (28) H. stultus Cr. 9, s. and 
c. p., ab. : (29) Colletes inaequalis Say 9, s. andc. p., ab.; 
(30) C. canadensis Cr. ? 9,s. and c. p. Vespide: (31) Pol- 
istes pallipes St. Farg. s. 

Diptera—Lombylide : (32) Bombylius fratellus Wied., s. 
Empidw: (33) Empis sp., s. 

Lepidoptera—thopalocera: (34) Lycena comyntas 
Godt. : (35) Nisoniades icelus Lintn.. both s. 

Coleoptera—Ccrambycida : (36) Molorchus bimaculatus 
Say. 

Cassia: Chamaecrista  sickle-shaped_ pistil is 
turned either to the right or to the left, holding the stigma in 
such a position thatit touches the bee upon the side: the 
flower is therefore an example of what Delpino calls a 
pleurotribe ower. Ten long black anthers with terminal 
pores turn in an opposite direction trom the pistil, The 
petals are bright yellow, the upper ones are provided with a 
little red at base which serves as a path-finder, but not as a 
nectar-guide, since nectar is wanting. All are widely ex- 
panded and flexible except the lateral one toward which the 
anthers turn, whichis erect and strongly incurved and_ so 
stiff that it commonly breaks on being bent back. 

The flowers are visited exclusively by bumble-bee females 
and workers in search of pollen. Landing upon the anthers 
they seize them between their mandibles and stroke them 
downwards with a sort of milking motion. The pollen being 
thus forced out of the terminal anther-pores falls either 
directly upon the bee or upon the lateral petal which is 
pressed close against the bee’s side. In this way the side of 
the bee which is next to the incurved’ petal receives the 
most pollen. Both right and left-hand flowers are found 
upon the same plant. A bee visiting a left-hand flower re- 
ceives pollen upon the right side and then flying to a right- 
hand flower, strikes the same side against the stigma. 


+See J. E. Todd. On the flowers of Solanum rostratum and Cassia Chamecrista, Am. 
Nat. XVI, 281-287. fig. 2. 
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Visitors: Apidae: (1) Bombus virginicus Oliv. 8%: 
(2) B. separatus Cr. %: (3) B. americanorum F. 9 8; 
(4) B. scutellaris Cr. —-all c. p. Megachile brevis Say muti- 
lates the petals by cutting out large circular pieces to use in 
her nest 

Extranuptial nectartes.—The extratloral nectaries of this 
plant and ot C. Marilandica are situated on the upper side 
and near the base of the petioles, being cupuliform in Cham- 
wcrista and club-shaped in Marilandica. 

Visitors: (Aug. 2, 7.8) Hymenoptera—Andrenide: (1) 
Halictus confusus Sm. Aumenide: (2) Odynerus foramina- 
tus Sauss. Lurrid@: (3) Larra argentata Beauv. Sphecide: 
(4) Pelopocus cementarius Dru.; (5) Chalybion ceruleum L. 
Pompilide: (6) Pompilus sp.: (7) P. navus Cr.: (8) Prio- 
cnemis fulvicornis Cr. Sco/udée: (9) Tiphia inornata Say. 
Mutillidw : (10) Mutilla hexagona Say: (11) M. savi Blake: 
(12) Sphewrophthalma macra Cr. Formicidw: (13, 14) A 
black and a large red species. Chrysididw: (15) Holopyga 
ventralis Say; (16) Chrysis montana Aaron. raconidu: 
(17) Apanteles sp. 

Diptera—- Zabanide: (18) Tabanus lineola Syrphide: 
(19) Mesograpta marginata Say: (20) M. polita Say, 
Tachinide: (21) sp.: (22) Phorecera sp. Sarcophagide : (23) 
Sarcophaga sp. (24) Lucilia cornicina F. An- 
thomyidw: (25) Anthomyia sp. Ortalide: (26) Rivellia 
quadrifasciata Macq 

Hemiptera—-Capside: (27) Lygus pratensis L. 

Lepidoptera—/hopalocera: (28) Callidrvas eubule L. 
(Trelease notes.) 

Cassia Marilandica’ L..—Three petals form an upper lip, 
while two form a lower, all of them being entirely yellow. 
Fritz Miller’ mentions several flowers in which there are two 
kinds of stamens with different functions. In this tlower there 
are three sets of stamens, all with different functions. The 
three upper are reduced to dark scale-like rudiments, which 
serve as pathtinders. Accordingly, the red spots which oc- 
cur on the upper petals of Chamecrista are wanting in 
Marilandica. Four short stamens furnish pollen for the vis- 
itors. Bumble-bees milk the pollen out of these, using their 
jaws as in the case of Chamecrista. Two long stamens, one 
on each side of the stvle, furnish polien for cross-fertilization. 


53ee Meehan: Proc. Acad. Sci, Phil., 1886, 314-318. Also Torr. Bull. XII, 249. Figures 
of the stamens and style of C. occidentalis and of the flower of C. aeutifolia by Todd, in 
Am. Nat. XVI, 285, represent C. Marilandica fairly well. 

®*Nature XVII, 564. 
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They have inflated anthers, which probably have a bellows- 
like action like the long stamen of Solanum rostratum’ and 
the anthers of Rhexia Virginica.. Between the style and 
long stamen is another long stamen with an anther like those 
of the short stamens. Bees, no doubt, force the pollen out 
of this as they do from the short stamens. The style is turned 
sometimes to the right, sometimes to the left, and the flower 
itself is turned slightly to one side or the other, so that the 
stigma touches the side of the visitor, making the flower plew- 
rotribe. According to Meehan, the flowers tail to produce 
seed under a net. Both he and Leggett’ saw bumble-bees 
collecting the pollen. I have seen the flower visited for pollen 
by Bombus americanorum F. 

Extranuptial nectaries.—Visitors one occasion) A 
large red ant; Sarcophaga sp.: Anthomyia sp.: Campto- 
neura picta F. (Ortalidw) : Coccinella sanguinea L. 

Carlinville, Ll. 


Fermentation of bread.' 
KATHERINE E. GOLDEN, 


Ferments have been known since very early times, for 
we have accounts of the early Egyptians using leaven to in- 
crease the lightness of bread. Much has been written and 
said in a superticial way about the fermentation of bread, and 
there are many methods of preparing and preserving leaven 
for bread-making given in old books, but what was in the leav- 
en that produced the fermentation long remained an unsolved 
problem. Then came the early researches into the subject 
which established the now well-known facts that yeast causes 
carbon-dioxide and alcohol to be generated from sugar, that 
the carbon-dioxide causes the bread to rise, and that the al- 
cohol is driven out of the bread by the heat in baking. The 
processes that the yeast and sugar underwent in causing the 
decomposition of the latter were not at that time understood, 
nor whether there were other organisms besides the yeast 
present. 

Of late years, however, since bacteriology has received 
the attention of scientitic men, the old view that yeast alone 


Todd: 8Torr. Bull.V Ill, 102- 104. 

1 Part of a thesis presented to the faculty of Purdue University for the bachelor’s de- 
gree, based upon work dane in the botanical laboratory under the direction of Dr. J.C 
Arthur. 
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causes bread to rise has been questioned somewhat, some 
still claiming that it does, others that it has nothing whatever 
to do with the rising, while still others take a halfw: ay course, 
that is, that yeast and bacteria acting together do the work. 

Chicandard.? in 1883, presented a paper before the French 
Academy of Sciences in which he explained the fermentation 
of bread to be the result, not of yeast, but of a special bacil- 
lus that develops normally in the dough, while the yeast only 
hastens the development. He claims that the most essential 
part of the fermentation is the transformation of a part of the 
insoluble albuminoids into soluble ones. 

Laurent,* writing four years later, presents the same idea 
in regard to the cause of the fermentation. He found in 
dough a bacterium, Bacillus paniticans, as he calls it, that 
occurs in short and long rods and forms sharply defined vel- 
low colonies on plate- cultures. It can stand a high degree 
of heat, so high that the rods are said to be still alive under 
the crust of the bread. The spores will stand long heating 
at boiling temperature. Laurent says that this bacillus is 
responsible for the formation of carbon-dioxide, besides a 
certain amount of lactic, butyric and acetic acids. In the 
warm season this bacillus sometimes causes the bread to 
become slimy, so that it can be drawn out into threads. In 
such bread are found myriads of the organisms which change 
the starch into erythrodextrin, and thus bring about the slimy 
metamorphosis. 

Wigand' agrees in substance with the preceding views 
in re egard to bread fermentation, but he says that the bacillus 
is formed spontaneously from the albumen of the gluten, for 
although an eminent scientist and writing but six years ago, 
he believed in the now generally discarded theory of spon- 
taneous generation. 

And ‘lastly, Marcano® believes that the motile bacteria 
found in dough are the true cause of the fermentation. 

Opposed to the view that bacteria are the cause of the 
rising of bread, we have the opinions of such men as Birn- 
baum, Arcangeli and Diinnenberger. Birnbaum" thinks that 


2 Chicandard, Comptes rend, 1883, p. 1585; quoted by Diinnenberger, 1. ec. and Peters 
Le, 

3Laurent, E. Bull. Acad. Roy. Sci. Belg., Vol. X, 1885, p. 765; Bull. Soc. Roy. Bot. 
Belg., Vol. XXV., pt. 2 p. 165; abstract in Centralb. f. i. u. Parasitenk., Vol. I, 1887, p. 
504; Just’s Bot. Jahresb,, Vol. XIV, pt. 1, 1886, pp. 396, 397. 

4Wigand, Entstehung und Fermentwirkung der Bakterien, 2d Ed., 1884, p. 11 

5 Marcano, Compt. rend., xevi, xevii, 1883; quoted by Diinnenberger, 1. c. 

‘Birnbaum, Lehrbuch der landwirtschaftlichen Gewerbe, 1866, Vol. I, p. 228; quoted 
by Diinnenberger, 1. c. 
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the action of leaven is due solely to the presence in it of 
common or alcoholic yeast. Arc angeli’ also thinks yeast is 
the cause of the fermentation. In every instance he found 
a bacterium, the common Bacillus subtilis, but he says this 
is of very little concern except in facilitating the solution of 
the albuminous bedies. Diinnenberger~ goes even farther 
than this, for he claims the bacteria found in bread area 
pollution and entirely dispensable. 

Then come the views of Boutroux, Fliigge and Peters 
which disagree with those just stated, that is, that yeast alone 
or bacteria alone are the cause of the rising of the bread. 
They found other organisms besides the veast in the dough, 
and they claim that these organisms assist in the rising. 
Boutroux’ thinks that both yeast and bacteria assist in the 
fermentation, while Fliigge" thinks that the bacteria may help 
in the fermentation since they are found in leaven in over- 
whelming quantities. Peters'' has studied leaven more par- 
ticularly. He found tive different bacteria in it that had 
more or less resemblance to one another. He holds that 
common yeast causes the alcoholic fermentation and bacteria 
the acid fermentation. But he thinks the bacteria are of sec- 
ondary importance. 

There are many points of difference in the opinions just 
cited, and at first thought it seems rather unaccountable 
that men who worked with scientific precision, as these 
men undoubtedly did, should arrive at such different re- 
sults. The differences can doubtless be accounted tor, how- 
ever, if we take into consideration the fact that they 
worked under different conditions and probably looked at 
the subject from different standpoints, for though it is pre- 
sumable from their writings that nearly all of “them used 
leaven, it was very probably obtained by somewhat differ- 
ent methods and under different conditions. 

Leaven is dough left over from one baking to another, 

either with or without the addition of an extract of hops or 
malt. This is the kind of ferment that is generally used in 
the old countries. In this country in places distant from 


7 Arcangeli, G. Atti. Soe. .. Toscano Sei. Nat., Vv ol. IX, 1888, p. 22; abstract in Centralb, 
f. Bak. u. Parasitenk., 1888, Vol. III, p. 717. 

*Diinnenberger, C. Bot. Centralb., Vol. XX XIII 1888, p. 245; Archiv der Pharmacie 
Vol XXVI, 1888, p. 546; abstract in Bor. Gazette, Vol. XIII, 1888, p. 140. 

*Boutroux, Compt. rend., XCVII., 1883; quoted by Diinnenberger, 1. ¢. 

1Fliigge, Die Mikroorganismen, 1886, p. 491. 

Peters, W. L. Die Organismen des Sauerteigs und ihre Bedeutung fiir die Brotgiih- 
rung, Inaug.-Diss., 1889; Bot. Zeit., XLVII., i889, p. 405; abstract in Jour. Roy. Mier. Soc., 
1890, p. 75. 
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markets a ferment is made from potatoes, boiled and mashed, 
with flour, salt, sugar, the water that the potatoes have been 
boiled in, and yeast. There are various other methods of 
making this ferment, but they do not differ essentially from 
one another. This is sometimes called emptyings, or jug- 
yeast, ind is semi-liquid, so that it differs very materially 
from the leaven of the old country. Of course, in towns and 
cities where a fresh supply of yeast can be obtained readily 
no such methods need be resorted to. Besides the ferments 
mentioned there are also the dry yeast cakes, that is, yeast 
mixed with corn-meal, and dried, which will vegetate when 
moistened, and the salt-rising where no ferment is added, 
the fermentation being supposed to be set up by the organ- 
isms that are already in the ingredients. 

The experiments which I performed in order to determine 
whether the yeast or the bacteria are more instrumental in 
causing bread to rise do not solve the question by any means, 
still they give some additional information on the subject. 
Freshly made dough that had been fermented with Vienna 
pressed yeast, commonly called German yeast, and sold un- 
der the name of Fleischmann’s Compressed Yeast, was ex- 
amined with the microscope and the yeast found to be 
Saccharomyces cerevisie, and with ita bacterium having the 
characteristics of Bacillus subtilis. These two germs were 
separated from each other by means of gelatine plate-cul- 
tures. <A single colony of each was placed in flasks in equal 
quantities of a nutrient solution made according to directions 
given by Dr. Stone,” the proportions being 25 grams Ger- 
man yeast to 125 cubic centimetres distilled water, with 10 
per cent. sugar, boiled thoroughly, filtered, and sterilized for 
three successive days. The flasks containing the yeast and 
bacteria were then placed in a vegetation chamber, kept 
about 84-86° F. (29-30° C.), this being the optimum temper- 
ature for Bacillus subtilis, that of yeast being about 92°F. 
(33°C.). After vegetating for two and one- -half months they 
were tested for the amount of carbon-dioxide given off by 

each, the gas that had accumulated in the flasks being first 
drawn off. The yeast gave off 23 mg. gas in one “hour, 
the bacteria 70 mg. in the same time. <A second test was 
made of a four days’ growth of each, the germs for these 
growths being obtained from agar cultures of each, inocu- 
lated from the original plate cultures. The yeast gave off 
50 mg., the bacteria 60 mg. in an hour. In a case where 


12Stone, W. E., Bot. GAZETTE, 1887, p. 270. 
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the sponges, made as will be shortly stated, and still in the 
flasks, were tested instead of the inoculated fluids for the 
carbon-dionide, the yeast gave go mg. in an hour, the bac- 
teria only 10 mg. inthe same time. 

After each test a bread sponge was made from both 
kinds, that is 200 grams sterilized flour was put into a flask 
and with the flour a nutrient solution, consisting of 150 ¢.c. 
potato-broth, 2 grams salt, and 8 grams sugar. The bread 
sponges were then placed in a vegetation chamber and kept 
at uniform temperature of 84-86° F. (29-30° C.), for about 
twenty-four hours. At the end of that time the yeast sponge 
had run well and uniformly, but the bacteria sponge invari- 
ably showed a separation of the flour from the liquid, the 
flour going to the bottom of the flask, and a layer of clear 
liquid remaining on the surface. 

The sponges then had more flour added to them, and 
the dough thus formed was kneaded thoroughly, and again 
placed in the vegetation chamber to rise, about twenty-four 
hours being allowed tor this: a second kneading was then 
done, the time allowed for rising being about the same as 
after the first kneading. The veast dough rose higher 
than the other in every case, but in the kneading felt like 
bread with shortening in it, lacking the tough, elastic qual- 
ities of good dough. The bacteria dough, though not risen 
so high, felt more like the ordinary dough, being more 
elastic, tougher, and smelling somewhat sweeter, though it, 
too, felt as if it contained some shortening. 

The dough when placed in the baking-pans was allowed 
to rise for about six hours before transferring to the oven. 
It was then baked at a temperature of 280-350° F. (138- 


176° C) 
The 5 ‘east bread in every case showed a greater degree 
of lightness, as indicated by its bulk, than the other, but 


Was coarse in texture, being filled with numerous large 
cavities. The bacteria bread, though apparently not so w ell 
risen, had a finer texture, with but the occasional occurrence 
of large cavities 

The sterilined flour used in all the experiments was pre- 
pi ared by first drying it in an oven two or more hours a day 
for four to six days, the oven being kept at a temperature 
of 150-220" F. (66-105° C.). The oven was then raised to 
250-300° F. (121-149° C.), for an hour and the sterilization 
completed. 
The utensils used were in all cases sterilized by heat, 
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and the hands of the operator washed in corrosive sublimate, 
but perfectly pure cultures were not obtained in any in- 
stance. 

Though the cultures were not perfectly pure, they had 
such avery small amount of impurities in them that the results 
were almost or quite the same as would very probably be 
obtained from pure cultures. 

The inferences drawn from these experiments are that both 
veast (Saccharomyces cerevisivw ) and bacteria (Bacillus sub- 
tilis?) separately generate in sufficient quan- 
tities to raise bread. The amount of gas generated is pre- 
sumably in direct proportion to the growth of the organisms 
and the viscosity of the surrounding medium. From the fact 
that the bacteria-inoculated fluid gave off more carbon-diox- 
ide than the yeast fuid, while the bacteria sponge gave off 
less than the yeast sponge, it would indicate that the “growth 
of yeast was less in the fluid than the growth of bacteria, but 
greater in the sponge, as the sponges in both cases were most 
probably of equal viscosity, as the conditions were as nearly 
as possible the same in both. 

It was demonstrated by the experiments that both yeast 
and bacteria can separately raise bread, and, under the con- 
ditions of the experiments, the yeast somewhat better than 
the bacteria. Now, whether or not they act together in rais- 
ing bread ordinarily was not demonstrated, but from the fact 
that both organisms were found in large quantities in dough 
that had been raised by Fleischmann’s yeast, and that bac- 
teria are always in the air and in large quantities on the sur- 
face of the grain from which flour is made, and also that they 
occur in all preparations of yeast ferment, it seems to be the 
only satisfactory conclusion that both the bacteria and the 
yeast act together in raising most if not all kinds of bread. 

Purdue University, Lafayette, Lid. 


BRIEFER ARTICLES. 


Some effects of the mild winter.—The mild weather during the past 
winter caused so many remarkable changes in the usual habits of plants, 
in this locality, that I can not forbear offering a few notes for publication. 
Malva rotundifolia, Stellaria media, Alyssum maritimum, Capsella Bur- 
sa-pastoris, Bellis perennis, and Lamium amplexicaule, continued in 
bloom all winter, except about the first three weeks of March, during 
which time it was so cold as to stop vegetable growth. The cold spell 
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however broke up with a warm rain, and so much of the advanced vege- 
tation went on growing from the stage where it had been checked. 

Many of the flowers of Malva rotundifolia and Lamium amplexicaule 
wert through the stages of anthesis without opening. Since warm 
weather has set in these flowers have lost their cleistogamous character. 
Poa annua remained green and in panicles all winter. Cydonia Japon- 
ica was ina blaze on New Year’s day, and continued to bear flowers un- 
til May 10. January 2 I iound scattering blossums on the common peach | 
but it did not bloom fully until April 45. Forsythia suspensa bore flow- 
ers from January 1 to April 11. Spirsea hypericifolia was in bloom from 
January 6 to the end of April. January 5, Acer dasycarpum, and Janu- 
ary 19, Acer rubrum began to show flowers. They were in full bloom, 
or fruiting, when the cold snap of March came, the result being that 
nearly all their fruit was killed. Lindera Benzoin began blooming and 
leafing very early in January, most of the fruit and many of the trees be- 
ing destroyed by the March freeze. In those instances where the bark 
and sap were frozen, the bark became dry and cracked as if the shrub 
had been burned. 

Viola tricolor and the var. arvensis have been in bloom, in gardens 
and fields, since January 6. 

Syringa vulgaris began sending out leaves February 4, but all the 
leaves and the half opened flower clusters were killed during the first 
half of March. Very few, if any, of these species produced mature flow- 
ers here. 

The daffodil and spring crocus were in bloom from February 1 to 
the second week in May. 

Ulmus fulva was in bloom February 10, and Ulmus Americana, Feb- 
ruary 18, but they, like the maples, lost nearly all taeir fruit during the 
first half of March. 

Vinea minor was found in bloom February 18; Ranunculus abor- 
tivus and Muscari botryoides, Fabruary 20, and Hyacinthus orientalis, 
February 25; they were checked during the frosty days in March. It 
was later than usual when they finally were through blooming. 

During February the buds of Acer saccharinum and of the var. ni- 
grum were well advanced, but did not come to flowering; many of these 
buds were frozen during March, so that very few trees bore flowers in 
May—not more than one tree in thirty. But the interesting fact was 
noted, that of the trees which did bear flowers nearly all were nigrum. 
This would appear to indicate that the variety is better suited to with- 
stand severe exposure, than the species, while in an advanced stage of 
zestivation; due probably to the extra protection afforded by the down 
on the bud. The diagnostic points of the leaves and fruit, given by some 
authors as existing between the species and the variety, do not hold 
good in this locality. The only constant distinguishing sign being 
the downy petiole and buds. Probably more time and favoring condi- 
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tions may yet make this a distinct species. The variety is far less abun- 
dant, in this vicinity, than the true species. 

I have cultivated, for a number of years,a bed of Melilotus offici- 
nalis, and another of Datura meteloides. During all these years they 
behaved as annuals, but this spring they came up in abundance from 
last year’s roots, and also from the scattered seeds. 

I have been much interested in noting the progress Phoradendron 
flavescens has made during the past two mild winters. It is found in 
much greater abundance and in larger bunches than I have yet seen it 
in this vicinty. A few more mild winters and it would extend its range 
northward several hundred miles. During the past twenty years, on 
several occasions, it has been almost entirely exterminated by cold win- 
ters. 

In addition to the hosts given (BoTANICAL GAZETTE ix. 102), for this 
locality, I can now add Prunus serotina.—Jacon ScHNECK, Mt. Covrmel> 
Illinois. 

A new Helianthemum.—Mrs. S. B. Walker, of Castle Rock, Colorado, 
has for two successive seasons sent specimens of a Helianthemum which 
ought to be characterized as a good variety of H. Canadense, as follows : 

H. Cancdense, var. Walkere. Leaves narrowly obovate to linear- 
oblong, 12 to 86 mm. long: petal-bearing flowers 1 to 5, on pedicels 6 to 
&mm. long: petals obovate, obcordate or cuneate, 6 to S mm. long, 
bright yellow, varying to paler: secondary flowers apparently wanting : 
capsule 4 to 6 mm. long.—Douglas County, Colorado, 1889 and 1890. Mrs. 
S. B. Walker. 

The resemblance to H. Canadense is quite well marked, but that 
species is not given as occurring west of Minnesota, while our variety 
occurs in a region hitherto said to be without a representative of the 
genus. The specimens are excellent, and collected at various times, yet 
none of them show any secondary flowers socharacteristic of the species. 
This character together with the leaves and more numerous petal-bear- 
ing flowers, make a sufficiently marked variety.—WaALTER H. Evans, 
Craufordsville, Ind. 

Penicillium and corrosive sublimate.—Dr. Coulter, on the above topic, 
in the March number of the GazerTes, relates an experience that is simi- 
lar to one we have had with our glue bottles in the laboratory. By pro- 
tracted sterilization of bottle and addition of a considerable quantity of 
a saturated solution of mercuric chloride, the growth of the fungus was 
stopped. As neither of these results were determined quantitatively, 
an experiment was tried with percentage solutions, to see how much 
mercuric chloride was necessary to stop the growth of the fungus. 10 
ec. ¢c. tubes of gelatine, to which were added 1,2 and 3c. c. of a solution 
of mercuric chloride (1:1000) were copiously inoculated with Penicil- 
lium glaucum and then plated out according to the usual bacteriological 
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methods. No. 1,in which the mercury was in the proportion of 1: 10000, 
showed at the end of ten days five colonies of the fungus. Nos. 2 and 3, 
in which the mercury was in the proportion of 1:6000 and 1: 4500, 
respectively, failed to give any growth. Gelatine affords a good medium 
for the growth of this fungus, and one also can distribute the fungicide 
much more thoroughly than can be done in a permanently solid mix- 
ture. When grown on solid media a much larger proportion of the 
poison is necessary, as it is impossible to distribute it as thoroughly as in 
fluid cultures. A quantity of starch paste was made, to which was added 
corrosive sublimate, in exact proportion of 1: 1000, This was done be- 
fore boiling the starch solution, in order to distribute as thoroughly as 
possible the mercury. Of three cultures made from this starch paste, 
two at the end of six days showed considerable growth of the fungus, 
about the inoculation point. This seems to indicate that it is on account 
of the density of the medium, and consequent insufficient distribution 
of the poison, that the fungus is able to grow. When grown in proper 
media, in which the poison can be thoroughly and equally distributed, 
Penicillium is unable to stand the presence of germicides to a greater 
extent than many other forms.—H. L. Botunical Laboratory 
University of Wisconsin. 


CURRENT LITERATURE. 
HMackel’s Gramineae. 


American literature has received an invaluable increase in the trans- 
lation of a work so important as that of Prof. Hackel,' not only in regard 
to its scientific merits, but also as being of practical use to the farmers 
and students in the United States. Among all the works hitherto pub- 
lished upon this subject, Prof. Hackel’s book ranks as undoubtedly the 
most comprehensive, and the translators have rendered a great help to 
the study of this family, the grasses, in our country. 

Weare therefore greatly indebted to the translators for having made 
such a work more accessible to American students and farmers, and the 
translation has been done in a manner that makes it not only pleasant 
reading, but also interesting to scientific students and easily understood 
in practical use. 

The work, as it presents itself, is divided into two parts, of which the 
first contains general remarks upon the structure, morphology and phys- 
iology, while the second part includes keys of analysis and descriptions 
of the tribes and genera. We find, for instance, in the first part all the 
modern views in regard to the correct understanding of the structure of 


1The True Grasses, by Edward Hackel, translated from Die natiirlichen Pflanzen- 
familien (Engler and Prantl) by F. Lamson-Seribner and Effie A. Southworth. (Henry 
Holt & Co., New York, 1890.) 
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the grass-flower, an explanation of the diiferent organs, the glumes, the 
palet, the lodicles, etc.; furthermore the structure of the seed with the 
embryo, and a very complete description of the germination itself. This 
is so much more important, as the translators thereby have detined sev- 
eral botanical terms in a clear and concise manner,at least so that several 
of these are easily to be used also in descriptions of other families. The 
second part contains the more systematic treatment of the genera, pre- 
ceded by a key to the tribes. Diagnoses have also been given to not less 
than 315 genera, which is an increase of fifteen genera over the number 
recorded by Bentham and Hooker. It is also a good improvement, made 
by the translators, that the respective number of each genus in Bentham 
and Hooker’s Genera Plantarum has been inserted in parenthesis before 
the generic names, which facilitates ready reference to that work and at 
the same time shows the diversity between the systems of classilication 
adopted. 

It is also to be remarked, that a number of notes and observations 
have been added to the translation by Profs. Hackel and Scribner, so that 
it is even more complete than the original work. The book contains 
numerous good figures, most of which have been obtained from older 
authors, as for instance, Gray, Kunth, Nees vy. Esenbeck, Trinius, and 
others. 

But while an attempt has been made, as it seems successfully, in re- 
gard to the identification of the genera of the grasses in a more complete 
stage with the flowers developed, then the next stage should be to teach 
how to distinguish them before the blooming, by characters taken for in - 
stance from the leaves or rhizomes. Several attempts have already been 
made in this line by European botanists, and with great success, so that 
it has been proved that in many cases the leaf alone is sufficient, when 
the question is to distinguish a genus or even a species. This would be 
a great help to the farmers and field botanists, but at the same time of 
great interest to descriptive botany, in adding structural characters to 
the diagnoses. 

It is far from difticult to find characters of this kind, if we look at the 
differences in the venation of the leaf, the form of the blade, the ligule, 
the sheath, whether open or closed, which show a large variation even 
in the same genus. And the internal structure of the leaf, examined by 
a low power of the microscope, will undoubtedly show many differences: 
—TueEo. U. S. Nutional Museum. 


A new school text-book. 

Does the frequent appearance of new text-books show that there is 
still a want, “long felt,” yet not “met”? or does it merely indicate that 
another live teacher has a plan of his own which he thinks others may 
find useful? Dr. Campbell’s Structural and Systematic Botany? is offered 


2CAMPBELL, DOUGLAS HovGHTON.—Elements of Structural and Systematic Botany, for 
High Schools and elementary college courses. Pp. ix. 255. Ginn & Co., Boston, L890 
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now as “an introduction to the study of botany, for use in high schools 
especially, but sufficiently comprehensive to serve also as a beginning 
book in most colleges.” It comes also as “a strong protest against the 
only too prevalent idea that the chief aim of botany is the ability to run 
down a plant by means of an ‘analytical key,’ the subject being ex- 
hausted as soon as the name of the plant is discovered.” With which 
protest we are in complete sympathy. Fortunately we have begun to 
see the decay of this notion of the province of botany and its destruction 
from this time will be rapid. 

We must doubt, however, whether it is not better for beginners to 
get a conception first as to the gross anatomy of the flowering plants. 
The only objection that can be urged against beginning in “the good old 
way” is that false notions of the relations of the flowering plants and 
their structures are likely to be obtained, which will be difficult to eradi- 
cate. Any teacher, however, whois capable of using the book before us 
will be capable of imparting correct notions of the phanerogams. 
Herein lies the chief difficulty as far as teaching botany is concerned— 
the trouble is not so much with the books as it is with the teachers. Few 
will be found except in the high schools of the largest cities who are 
competent to use the book now offered to them. If they are competent 
we fear that the time required for its completion will prove a bar. It 
must be conceded that this book can only be used by a teacher well- 
trained in general morphology and histology, and with command of at 
least a year of the pupil’s time for two hours daily—conditions hardly to 
be expected in our high schools and too seldom attained in our colleges. 

Moreover the book deals so much with classification that at times it 
almost degenerates into a catalogue of orders with their characters. If 
these parts are to be memorized they are too voluminous. If they are 
for reference only they are far too condensed. In general its plan is the 
same as that of Bessey's Essentials of Botany, lacking the introductory 
part of that and having a fuller account of individual representatives of 
some groups. (It may be mentioned here as curious that neither of 
Bessey’s works is mentioned among the useful reference books.) 

Although we do not coincide with the author as to the wisdom of his 
plan, it must be said that Dr. Campbell has had a clear and definite plan 
and has executed it well. The illustrations are nearly all new, -vell 
drawn, well engraved and suitable to the page. A few are too sketchy— 
so much so as to give a poor idea of the structure represented. The 
publisher’s work is in every way excellent. 
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OPEN LETTERS. 


A cheap and excellent plant press. 


A board with weights isa good press except where one moves around 
upon his collecting tours. In this case something more portable is de- 
sired. I discard as clumsy all presses formed of wood. Several forms 
are advertised, yet I have seen none that meet the requirements for light- 
ness, strength and portability. The common board with weights, while 
it is most often used, does not permit free circulation of the air, hence 
specimens dry exceedingly slowly in this way. The press described be- 
low is one which any tinner can make, and excels any of the manufac- 
tured presses which have come to my notice. 

Out of common coppered iron wire three-sixteenths inch in diame- 
ter, two rectangles, each twelve by eighteen inches, are made. The tin- 
ner then solders a sheet of galvanized wire screen, with about one-fourth 
inch mesh, upon these frames. The edges of the wire screen should be 
turned up over the wire. One of these frames, after having the screen 
soldered on, is taken for the bottom piece, and three pieces of the same 
kind of wire are soldered at equal distances crosswise on the side of the 
bottom frame which is not to come in contact with the dryers. At the 
six points where the ends of these crosspieces are soldered to the frame, 
pieces of suitable chain are rigidly soldered. On the other frame three 
pieces which are long enough for each end to project about three-eighths 
of an inch are soldered. These ends are doubly bent to fit snugly around 
the wire of the rim and to afford curved hooks upon which the links of 
the chains attached to the other piece may be hooked. These ends can 
be bent cold and trued up with the file. For the chain I used dog-chain 
having links about one inch in length. In this press plants, if exposed to 
the sun and wind, dry with surprising rapfMity, and the resulting speci- 
mens possess a freshness and pliability that are not secured with presses 
of other kinds. The press costs from $1 to $1.50, 

I use a similar though much lighter press for a portfolio, attaching a 
shoulder-strap by means of light snaps upon the ends for carrying. 
snap the fastenings over the wire on one of the edges of the bottom piece. 

Blackburn University, Carlinville, IN. Ww. E. ANDREWS. 


NOTES AND NEWS. 
Dr. B. D. Hatstep has a very interesting paper on the doubling of 
flowers in Popular Science Monthly for July. 


Proressor L. M. UnperRwoop, of Syracuse University, has been 
granted a year’s leave cf absence. He will spend the time chiefly at 
Cambridge in the prosecution of some special work. 


A PRELIMINARY list of the mosses of Staten Island has been pub- 
lished by Mrs. Elizabeth G. Britton. The list represents the collections 
of eight years, and includes one hundred and one species. 


Mr. C. R. Orcutt, of San Diego, California, is making a special 
study of the Cuctacex, and would be glad to receive living plants or other 
material from any locality. He desires to cultivate all the varieties pos- 
sible. 


ate : 
215 


216 BOTANICAL GAZETTE. [ August, 


M. HENRI JUMELLE begins, in the last June number of the Revue 
ginéral de Botunique, a capital review of the poy on vegetable physi- 
ology and chemistry, published between July, 1889, and April, 1890. 


Mr. Epmunb G. BAKER is doing good service in bringing together 
information concerning the genera and species of Mulvex, in Jour. Bot. 
It is a group that sadly needs monographing, and is an exceedingly per- 
plexing one on our southern borders, which are so largely tinctured 
with Mexican forms. 


THE Journal of Botuny (July) gives an interesting account of the 
changes at Kew, and pays a handsome tribute to the services of the three 
botanists concerned. Professor Oliver, the retiring curator, Mr. J. G. 


Baker, the new curator, and Mr. Hemsley, who takes Mr. Baker’s former 
position as assistant curator. 


BOTANICAL ARTICLES in Zve, for June, are: Heterosporous fern allies 
of the Pacific coast and Mexico, by Lucien M. Underwood (in which a 
new Isoetes is described); Brodiza multiflora, by Carl Purdy; The 
plants of Santa Catalina Island (with 2 plates), oe . 5. Brandgee; Nat- 
uralized plants of Southern California, III, by S. B. Parish; Pappus of 
Microseris, by T. S. Brandegee. 


Messrs. UnpERWwoop & Cook have just issued the seventh and 
eighth decades of their Hepaticee \mericane in the same neat form as 
previous decades. Only a few sets of the two previous decades are left 
and the price is now $1.50. The sets of illustrative fungi prepared by 
the same authors have been sold with the exception of three copies. 
Sets were mostly purchased by colleges and experiment stations. 


THE Dutcn Society of Sciences in Harlem has announced a prize 
of a gold medal or 150 gulden for the solution of the following prob- 
lems: The role of bacteria in the destruction and formation of the 
nitrogenous compounds in different sorts of soils; or, the mode in 
which different parts of plants can unite with each other, and particu- 
larly the phenomena of healing which accompany the operations of 
grafting by scions, buds or contact. The papers may be written in 
Dutch, German, Latin, te. (which may be supposed to include English), 
and must be sent to Dr. J. Bosscha, in Harlem, before January 1, 1891. 


Mr.C. MuLuer has recently given special attention to the discrimi- 
nation of the — forms of collenchyma. He is able to distinguish 
the following: 1, Collenchyma proper with the thickening chiefly in 
the corners of the cells; 2, Bast collenchyma, with the thickening in- 
volving the whole wal!; 3, Cartilage collenc hyma, with walls thickened 
strongly all around and witha sharply difler entiated inner lamella, so 
that the section resembles the section of cartilage, apparently separate 
tubes imbedded in a homogeneous matrix; 4, Plate collenchyma, with 
only tangential walls thickened; 5, Rift collenchyma, with only that 
portion of the wall thickened which borders on an intercellular space ; 
6, Metacollenchyma, formed by the slow death of the cell and the meta- 
morphosis of the cell wall; and finally, 7,a form which resembles in shape 
the true hard bast, Protosclerenchyma ( Haberlandt’s “ provisorisches 
Collenchym”). Collenchyma in general is to be considered as in its na- 
ture a water-storing tissue, but one which early acquires a mechanical 
function. It constitutes a supporting tissue not only during intercalary 
growth and entension of the organ, but remains particularly in herba- 
ceous plants as a permanent mechanical tissue. Cf. Ber. d. deutsch. Bot. 
Gesells, viii. 150, 


- 

| 

: 


1890. | BOTANICAL GAZETTE. 217 


Messrs. D. C. WorcEsTER and F, 8. Bowmer, recently of the Univer- 
sity of Michigan, left July 22d for the Philippine Islands, where, through 
the large liberality of L. F. Menage, of Minneapolis, they will spend two 
years in the collection of scientific material. While the principal objects 
they intend to secure are birds and corals, they have determined to do 
considerable collecting in the line of fungi, paying particular attention 
to the Sphwriodix and Gusteromycetes. Mr. Worcester was instructor in 
botany for some time at the University of Michigan, and while there 
specialized upon the Myxomycetes, so results may be looked for in this 
line. The work on the material collected will be prosecuted at Minne- 
apolis under the auspices of the Minnesota Academy of Sciences, in the 
museums of which all the collections will be deposited for the use of sci- 
entific men. 


THE OUTER LAYER of the endosperm of the seeds of grasses has 
long been considered as a reservoir of nitrogenous substances, although 
several writers have suggested that it was either a conducting tissue 
for diastase or a ferment-producing layer. Dr. G. Haberlandt has now 
convinced himself by experimental researches that it can no longer be 
considered as belonging to the storage system, but that during the time 
of germination it produces and excretes diastase, belonging therefore 
to the glandular system. The anatomical structure of the “aleurone 
layer” during germination is exactly that of glandular cells. Moreover, 
a bit of this tissue separated from the grain and carefully washed will, if 
placed in contact with starch, corrode the grains and finally dissolve 
them, a result which was not obtained in control experiments. In order 
that this formation of diastase shall begin it is necessary that at least a 
portion of the embryo capable of growth should be present. 


THE Most detailed account that has yet appeared on the process of 
paraffin imbedding in plants is that given by Ludwig Koch in Prings- 
heim’s Jahrbiicher f. wiss. Botanik, xxi, 367-468. Exact directions are 
given for every step of the process,so that any one who can read them 
and do as he is told can not fail to secure good results. When, however, 
we come upon a detailed description of a microtome (5 pp.) we must own 
to surprise that such “padding” is permitted in this journal. Here is the 
way it begins: Der Kérper des Mikrotoms besteht entweder aus ver- 
nickeltem Eisen oder aus Bronce. . . . Andem Korper des Instru- 
ments sind zwei Schlittenbahnen angebracht, u.s. w.”! The last 60 pages 
contain an account of the various organs and tissues that the author has 
imbedded in this way, specifying the success, difficulties or failures with 
each. In spite of the extraordinary verbosity the paper will be extreme- 
ly useful. The use of chloroform instead of turpentine in permeating 
the specimens with paraffin is recommended and we have found it eco- 
nomical of time. 
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